Roller Wire Brake For Wire BomdLiinig Machine 
TECHNICAL FIELD 

i 

[0001] The present invention generally relates to wire bonding machines. In one aspect it 
relates more particularly to a roller wire braking assembly in a bond head of a wire bonding 
machine. 

BACKGROUND 

[0002] Wire bonding machines are often used in forming a first wire bond on a contact pad 
of a semiconductor chip, extending the wire from the contact pad to a lead finger for a package 
lead (e.g., in a leadframe), forming a second wire bond on the lead finger, and then severing the 
wire near the second wire bond. This process may be repeated a rate of about 10 times per 
second during the fabrication of a packaged semiconductor chip, for example. 

[0003] A typical wire bonding machine has a bond head that feeds the wire through a 
capillary and that moves the capillary relative to the chip and leadframe to form the wire bonds. 
During a typical wire bonding process, as described above, the wire is fed due to the motion of 
the bond head relative to a wire bond just formed. For example, after a first wire bond is 
performed on a chip contact pad, the end of the wire is attached to the chip contact pad. 
Movement of the bond head relative to the chip contact pad (where the wire tip is attached) 
causes the wire to be pulled out of the bond head through the capillary. Hence, at this point, the 
wire is not constrained from being fed out of the capillary by the bond head. After the wire is 
bonded to a lead finger (e.g., by pressing the wire against the lead finger with the capillary), the 
wire is typically severed. In a conventional wire bonding machine, the wire is severed at this 
time by clamping onto the wire within the bond head while moving the bond head relative to the 
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second wire bond (where the wire is attached to the lead finger, for example). Such action 
causes the wire to sever at or near the second wire bond site. Typically, a short length of the 
wire is allowed to be drawing out of the capillary before clamping onto the wire to cause it to 
sever at the second wire bond. This short length of wire left extending from the tip of the 
capillary after severing the wire is often referred to as a pigtail. The pigtail is then exposed to a 
flame to cause the wire tip to melt. Such melting of the wire tip causes the wire tip to have a ball 
shape. Note that, although very common, the wire bonding process just described is just one 
example wire bonding process, and many other wire bonding processes may exist. 

[0004] When the wire is clamped for initiating the severing of the wire, the clamping action 
in a conventional wire bonding machine is usually provided by two flat plates of a clamp that 
move toward each other and sandwich part of the wire there between. When it is desired to 
allow the wire to be drawn out of the capillary, the clamp is opened and left open (i.e., the flat 
plates move away from each other) to allow the wire to slide relatively freely between the flat 
plates. A downside to this conventional design, however, is that the flat plates often flatten a 
portion of the wire where the wire is clamped upon by the flat plates, which may be undesirable. 
Hence, there is a need for a way for a bond head to clamp or hold the wire without damaging or 
flattening the wire at the location where the wire is held. 
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SUMMARY OF THE INVENTION 

[0005] The problems and needs outlined above may be addressed by embodiments of the 
present invention. In accordance with one aspect of the present invention, a wire bonding 
machine is provided, which includes a bond head adapted to manipulate a wire. The bond head 
includes a wire braking apparatus and a fixed portion. The wire braking apparatus includes a 
first bearing member, a second bearing member, and a first piezoelectric element. The first 
bearing member includes a first race adapted to rotate about a first rotational axis of the first 
bearing member. The first race has a first outer end with a first generally concave-shaped 
portion. The first race has a first side and a second side. The first and second sides of the first 
race face opposite directions along the first rotational axis. The second bearing member includes 
a second race adapted to rotate about a second rotational axis of the second bearing member. 
The second race has a second outer edge with a second generally concave-shaped portion. The 
first outer end of the first race faces the second outer end of the second race. The first 
piezoelectric element is located between the first bearing and the fixed portion of the bond head. 
The first piezoelectric element is configured so that a first tolerance gap exists between the first 
piezoelectric element and at least one of the first race and the fixed portion when the first 
piezoelectric element is not energized. The first piezoelectric element is also configured so that 
the first piezoelectric element may be energized to expand between the fixed portion and the first 
bearing thereby substantially eliminating the first tolerance gap, and to press against the first side 
of the first race thereby hindering rotational movement of the first race relative to the fixed 
portion of the bond head. Note that the term "energized" as used herein generally refers to 
applying an electric field or a voltage to an piezoelectric element so that it will expand or 
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contract in one or more directions due to the electrical energy or change in electrical energy 
(increasing or decreasing) applied thereto. 

[0006] In accordance with another aspect of the present invention, a wire bonding machine 
is provided, which includes a bond head adapted to manipulate a wire. The bond head includes a 
wire braking apparatus and a support member. The wire braking apparatus includes a first 
bearing member, a second bearing member, and a first piezoelectric element. The first bearing 
member includes a first race adapted to rotate about a first rotational axis of the first bearing 
member. The second bearing member includes a second race adapted to rotate about a second 
rotational axis of the second bearing member. The first race is opposite the second race in a 
configuration for accepting a wire fed between and in contact with the first and second race. The 
first piezoelectric element is located proximate to the first race of the first bearing so that a first 
tolerance gap exists between the first piezoelectric element and the first race when the first 
piezoelectric element is not energized, and so that the first piezoelectric element may be 
energized to expand to thereby substantially eliminate the first tolerance gap and to press against 
the first race thereby hindering rotational movement of the first race relative to the support 
member of the bond head. 

[0007] In accordance with yet another aspect of the present invention, a method of 
fabricating a packaged semiconductor chip is provided. This method includes the following 
steps described in this paragraph. The order of the steps may vary, may be sequential, may 
overlap, may be in parallel, and combinations thereof. A wire is bonded on a chip contact pad of 
a semiconductor chip using a wire bonding machine. A bond head of the wire bonding machine 
is moved relative to the chip contact pad, thereby pulling a first length of the wire out of the wire 
bonding machine. Part of the wire passes through a space between a first outer edge of a first 
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bearing race and a second outer edge of a second bearing race during the pulling of the first 
length. The wire is bonded on a lead using the wire bonding machine. A first piezoelectric 
element is energized in the bond head, thereby causing the first piezoelectric element to expand 
and press against the first bearing race. The first bearing race is braked by the pressing of the 
first piezoelectric element against the first bearing race. The wire is braked between the first and 
second races at least partially by the braking of the first bearing race. The bond head is moved 
relative to the lead during the braking of the wire. The wire is severed proximate to the lead. 

[0008] In accordance with another aspect of the present invention, a wire bonding machine 
is provided, which includes a bond head adapted to manipulate a wire. The bond head includes a 
wire braking apparatus and a support member. The wire braking apparatus includes a first 
bearing member, a second bearing member, and a bearing braking actuator. The first bearing 
member includes a first race adapted to rotate about a first rotational axis of the first bearing 
member. The second bearing member includes a second race adapted to rotate about a second 
rotational axis of the second bearing member. The first race is opposite the second race in a 
configuration for accepting a wire fed between and in contact with the first and second race. The 
bearing braking actuator is located proximate to the first race of the first bearing so that the 
bearing braking actuator may be actuated to brake the first race thereby hindering rotational 
movement of the first race relative to the support member of the bond head. 

[0009] The foregoing has outlined rather broadly features of the present invention in order 
that the detailed description of the invention that follows may be better understood. Additional 
features and advantages of the invention will be described hereinafter which form the subject of 
the claims of the invention. It should be appreciated by those skilled in the art that the 
conception and specific embodiment disclosed may be readily utilized as a basis for modifying 
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or designing other structures or processes for carrying out the same purposes of the present 
invention. It should also be realized by those skilled in the art that such equivalent constructions 
do not depart from the spirit and scope of the invention as set forth in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The following is a brief description of the drawings, which illustrate exemplary 
embodiments of the present invention and in which: 

[0011] FIGs. 1 A-3 show various views of a first embodiment of the present invention; 

[0012] FIG. 4 is a top view of a second embodiment of the present invention; 

[0013] FIG. 5 is a top view of a third embodiment of the present invention; 

[0014] FIG. 6 is a top view of a fourth embodiment of the present invention; 

[0015] FIG. 7 is a top view of a fifth embodiment of the present invention; 

[0016] FIG. 8 is a side view of the fifth embodiment, as taken along line 8-8 in FIG. 7; 

[0017] FIG. 9 is a top view of a sixth embodiment of the present invention; 

[0018] FIG. 10 is a side view of the sixth embodiment, as taken along line 10-10 in FIG. 9; 

[0019] FIGs. 1 1 and 12 are side views illustrating variations on the sixth embodiment; 

[0020] FIG. 13 is a top view of a seventh embodiment of the present invention; 

[0021] FIGs. 14 and 15 are top views of an eighth embodiment of the present invention; 

[0022] FIGs. 16-18 show views of a ninth embodiment of the present invention; and 

[0023] FIGs. 19 and 20 are top views of a tenth embodiment of the present invention. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0024] Referring now to the drawings, wherein like reference numbers are used herein to 
designate like or similar elements throughout the various views, illustrative embodiments of the 
present invention are shown and described. The figures are not necessarily drawn to scale, and 
in some instances the drawings have been exaggerated and/or simplified in places for illustrative 
purposes only. One of ordinary skill in the art will appreciate the many possible applications and 
variations of the present invention based on the following illustrative embodiments of the present 
invention. 

[0025] Generally, an embodiment of the present invention provides a wire bonding machine 
having a bond head with a wire braking apparatus for braking or holding the wire (e.g., so that 
the wire may be severed during a typical wire bonding operation). Such wire is typically made 
from a soft, malleable metal, such as gold, for example. Thus, it is usually desirable to handle 
the wire with care to prevent damage to the wire. 

[0026] FIGs. 1 A-3 illustrate various views of a first embodiment of the present invention. 
FIGs. 1 A and IB show perspective views of a portion of a support member 30 for a bond head of 
a wire bonding machine. The bond head has a wire braking apparatus 34, which is the focus of 
FIGs 1A-3. FIG. 1 A shows the wire braking apparatus 34 in an operably assembled 
configuration and with a wire 36 extending therethrough for illustrating the fed path of the 
wire 36 therethrough. FIG. IB shows the wire braking apparatus 34 in an exploded view to 
better illustrate some of its components. FIGs. 2 and 3 are top views of a portion of FIG. 1 A. 

[0027] Referring to FIGs. 1 A-3 to describe the first embodiment, the wire braking 
apparatus 34 has a first bearing member 41, a second bearing member 42, a first piezoelectric 
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element 51, and a second piezoelectric element 52. A first shaft 61 extends from the support 
member 30. The first bearing member 41 is located on the first shaft 61. The first bearing 
member 41 has a first bearing race 71 that is configured to freely rotate about a first rotational 
axis 81, which extends along the first shaft 61. The first race 71 has a first outer end 84, a first 
side 86, and a second side 88. The first outer end 84 of the first embodiment has a first generally 
concave-shaped portion 90, as is preferred. This portion may have a round, oval, or elliptical 
shape, for example. In the example provided by the first embodiment, the first outer end 84 has 
a round radius that is slightly smaller than the cross-section radius of the wire 36. In other 
embodiments, however, the radius of the first outer end 84 may be about the same as or greater 
than that of the wire 36. 

[0028] In the first embodiment, a second shaft 62 also extends from the support member 30. 
The second bearing member 42 is located on the second shaft 62. The second bearing 
member 42 has a second bearing race 72, which is configured to freely rotate about a second 
rotational axis 82. The second rotational axis 82 extends along the second shaft 62. The second 
bearing race 72 has a second outer end 94, which has a second generally concave-shaped 
portion 96, like that of the first outer end 84. The second outer end 94 of the second race 72 
faces the first outer end 84 of the first race 71. The space between the first outer end 84 and the 
second outer end 94 thus provides a tight fit for the wire 36 in this case. Hence, when the 
wire 36 moves though the space between the first and second races 71, 72, the wire 36 causes the 
first and second races 71, 72 to rotate. And conversely, with such configuration, stopping either 
or both of the races 71, 72 will slow or preferably stop the movement of the wire 36 therethrough 
to brake the wire 36. 
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[0029] The first embodiment is configured to provide braking of the first race 71, which in 
turn brakes the wire 36 and the second race 72, as will be explained next. The first and second 
piezoelectric elements 51, 52 may be located on the first shaft 61, as shown in FIGs. 1A-3. Note 
in FIGs. 2 and 3, the electrical wires 98 for the piezoelectric elements 51, 52 (see e.g., FIGs. 1A 
and IB) have been omitted for purposes of simplifying the views in FIGs. 2 and 3. The first 
piezoelectric element 5 1 may be located between the support member 30 and the first bearing 
member 41. The first shaft 61 may have a first shaft head 101 located on a distal end thereof, as 
shown in FIGs. 1 A-3, for example. The second piezoelectric element 52 may be located between 
the first bearing member 41 and the first shaft head 101. The size of the first and second 
piezoelectric elements 51, 52, the width of the first bearing member 41, and the length of the first 
shaft 61 are configured so that a first tolerance gap 1 1 1 exists between the first piezoelectric 
element 51 and the first race 71 when the first piezoelectric element 51 is not energized, and so 
that a second tolerance gap 1 12 exists between the second piezoelectric element 52 and the first 
race 71 when the second piezoelectric element 52 is not energized. There may also be a 
tolerance gap 1 14 between the first piezoelectric element 51 and the support member 30 when 
the first piezoelectric element 5 1 is not energized, as shown in FIG. 2. However, in other 
embodiments, the first piezoelectric element 51 may be attached to the support member 30 (e.g., 
by an adhesive). Likewise, there may also be a tolerance gap 1 16 between the second 
piezoelectric element 52 and the first shaft head 101 when the second piezoelectric element 52 is 
not energized, as shown in FIG. 2. In other embodiments, however, the second piezoelectric 
element 52 may be attached to the first shaft head 101 (e.g., by an adhesive). By having these 
tolerance gaps 1 1 1, 1 12, the first race 71 may rotate freely when the piezoelectric 
elements 51, 52 are not energized (e.g., in relaxed states). Also, a spring member (not shown) 
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may be located between a piezoelectric element (e.g., 51, 52) and a bearing (e.g., 41), for 
example, to bias the piezoelectric element away from the bearing when it is desired to let the 
bearing race rotate freely. 

[0030] As illustrated in FIG. 3, the first and second piezoelectric elements 5 1, 52 may be 
energized (e.g., applying a sufficient voltage between the two ends of each piezoelectric element) 
to cause the piezoelectric elements 51, 52 to expand along the first rotational axis 81 and to press 
against the first race 71. Hence, the first piezoelectric element 51 expands between the support 
member 30 and the first bearing member 41 to press against the first side 86 of the first bearing 
race 71, thereby hindering rotational movement of the first race 71 relative to the support 
member 30. Likewise, the second piezoelectric element 52 expands between the first shaft 
head 101 and the first bearing member 41 to press against the second side 88 of the first bearing 
race 71, thereby hindering rotational movement of the first race 71 relative to the first shaft 
head 101. This braking of the first bearing race 7 1 is intended to thereby brake the movement of 
the wire portion that is in contact with the first outer end 84 of the first race 71. Depending on 
the geometric configurations, the braking of the first race 71 preferably brakes the wire 36 
enough to stop the wire 36 and hold the wire 36 in place relative to the bond head sufficiently to 
sever the wire 36 when the bond head moves relative to a wire bond location. 

[0031] It is preferable to press against both sides 86, 88 of the first bearing race 71 with two 
identical piezoelectric elements 51, 52, as shown in FIG. 3, to maintain the axial position of the 
first bearing member 41 relative to the second bearing member 42. In other embodiments, 
however, the second piezoelectric element 52 may be omitted so that only the first piezoelectric 
element 51 presses against only one side (86 or 88) of the first bearing race 71, for example. In 
such case, it may be preferable to limit the axial movement of the first bearing member 41 along 
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the first shaft 61 during such pressing, e.g., with the first shaft head 101 or with one or more 
collars placed on the first shaft 61, for example. In other embodiments (not shown), a 
piezoelectric element may press against the first outer end 84 of the first race 71 to apply a 
braking force, for example. 

[0032] FIG. 4 is a top view of a second embodiment of the present invention. The second 
embodiment is similar to the first embodiment, but the support member 30 is configured 
differently. The support member 30 may extend around the wire braking apparatus 34, as shown 
in FIG. 4. The support member 30 may have a first interior side 121 and a second interior 
side 122 separated by a support member gap. In such case, the first and second shafts 61, 62 
extend between the first and second interior sides 121, 122 of the support member 30 within the 
support member gap. Thus, in such case, the first piezoelectric element 5 1 is located between 
the first interior side 121 of the support member 30 and the first bearing member 41, and the 
second piezoelectric member 52 is located between the second interior side 122 of the support 
member 30 and the first bearing member 41 (see e.g., FIG. 4). Although not shown in FIG. 4, 
the support member 30 may have multiple pieces fastened together during the assembling of the 
wire braking apparatus 34, for example. 

[0033] FIG. 5 is a top view of a third embodiment of the present invention. In the third 
embodiment, first and second piezoelectric elements 51, 52 are used for braking the first bearing 
race 71, as in the first and second embodiments (see e.g., FIGs. 1A-4). But also, third and fourth 
piezoelectric elements 53, 54 may be used to brake the second bearing race 72 in the same way 
that the first bearing race 7 1 is braked. 

[0034] FIG. 6 is a top view of a fourth embodiment of the present invention. The fourth 
embodiment is a variation upon the third embodiment (see e.g., FIG. 5) by having a different 
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configuration for the support member 30 with respect to the first and second shafts 61, 62. Note 
that in FIGs. 4-6, the electrical wires 98 (see e.g., FIG. IB) for applying voltage across the 
piezoelectric elements 51-54 are not shown for purposes of simplifying the drawings. 

[0035] In the first through fourth embodiments illustrated by FIGs. 1 A-6, the piezoelectric 
elements 51-54 may be free to pivot or rotate about the shafts 61, 62 on which they are located. 
However, it may be preferable or necessary to restrict the rotational movement of the 
piezoelectric elements 51-54. This may be accomplished in a number of ways, as will be 
apparent to one of ordinary skill in the art. For example, the first piezoelectric element 5 1 may 
be adhered to the support member 30 to prevent it from rotating. As another example, the 
electrical wire 98 connected to the piezoelectric elements 51, 52 may be used to limited the 
rotational movement of the piezoelectric elements 51, 52, for example. Some of the other 
embodiments discussed below provide other illustrative ways to limit the rotational movement of 
the piezoelectric elements. 

[0036] FIGs. 7 and 8 illustrate a fifth embodiment of the present invention. FIG. 7 is a top 
view of the fifth embodiment. FIG. 8 is a side view for part of FIG. 7 as taken along line 8-8 in 
FIG. 7. In the fifth embodiment, a third shaft 63 extends between a first interior side 121 and a 
second interior side 122 of the support member 30, as well as through the first and second 
piezoelectric elements 5 1, 52. Thus, the third shaft 63 limits the pivotable movement of the 
piezoelectric elements 51, 52 about the first shaft 61, and the third shaft 63 further supports the 
piezoelectric elements 51, 52. As a variation on the fifth embodiment, the support member 30 
may be on only one side of the wire braking apparatus 34 and the shafts 61-63 may have shaft 
heads, for example. 
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[0037] FIGs. 9 and 10 illustrate a sixth embodiment of the present invention. FIG. 9 is a top 
view of the sixth embodiment. FIG. 10 is a side view for part of FIG. 9 as taken along line 10-10 
in FIG. 9. In the sixth embodiment, the piezoelectric elements 51, 52 are supported by third and 
fourth shafts 63, 64, and the piezoelectric elements 51, 52 are not located on the first shaft 61 
with the first bearing member 41. In such case, collars 126 may be added on the first shaft 61 to 
retain the position of the first bearing member 41 along the first shaft 61, as shown in FIG. 9. 
But in other embodiments, the collars 126 may be omitted, for example. In such cases, the 
piezoelectric elements 51, 52 may help maintain the position of the first bearing member 41 
relative to the second bearing member 42, for example. 

[0038] In an embodiment (e.g., the sixth embodiment), the first shaft 61 may be rotationally 
fixed with respect to the support member 30 or the first shaft 61 may be configured to rotate 
about the first rotational axis 81 with respect to the support member 30. In such case where the 
first shaft 61 is configured to rotate, the first bearing member 41 may be replaced with a fixed 
portion having a same or similar outer end shape that is attached to or an integral part of the first 
shaft 61, to provide an equivalent structure, for example. Similarly, in an embodiment of the 
present invention, the second shaft 62 may be fixed relative to the support member 30 or the 
second shaft may be configured to rotate about the second rotational axis 82 with respect to the 
support member 30. In such case where the second shaft 62 is configured to rotate, the second 
bearing member 42 may be replaced with a fixed portion having a same or similar outer end 
shape that is attached to or an integral part of the second shaft 62, to provide an equivalent 
structure, for example. 

[0039] FIG. 1 1 illustrates a variation of the sixth embodiment, where the piezoelectric 
elements 51, 52 have slots 130 for accepting the third and fourth shafts 63, 64 rather than 
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holes 132 (see e.g., FIG. 10). FIG. 12 illustrates yet another variation on the sixth embodiment, 
where the third shaft 63 has a generally rectangular cross-section and the fourth shaft is omitted. 
Due to the geometric shape of the third shaft 63 in FIG. 12 and the corresponding geometric 
shape of the holes 132 in the piezoelectric elements through which the third shaft 63 passes 
through, the third shaft 63 alone may support the piezoelectric elements 51, 52 and limit the 
pivotal movement of the piezoelectric elements 51, 52 about the first shaft 61. The sixth 
embodiment may be further varied (in combination with any of the sixth embodiment variations 
discussed above) by having the support member 30 on only one side of the wire braking 
apparatus 34 and having shaft heads on the shafts 61-64, for example. 

[0040] FIG. 13 is a top view of a seventh embodiment of the present invention. The seventh 
embodiment (see e.g., FIG. 13) is a variation of the first embodiment (see e.g., FIG. 2) in that the 
first and second outer ends 84, 94 of the first and second bearing races 71, 72 are flat rather than 
concaved. The seventh embodiment illustrates that the shape of the first and/or second bearing 
races 71, 72 may vary. 

[0041] FIGs. 14 and 15 illustrate an eighth embodiment of the present invention. In the 
eighth embodiment, one piezoelectric element 51 is supported by first and third shafts 61, 63, 
and the piezoelectric element 51 partially surrounds the first bearing member 41. In FIG. 14, the 
piezoelectric element 5 1 is shown in a relaxed or non-energized state so that there is a first 
tolerance gap 111 between the piezoelectric element 5 1 and the first bearing race 7 1 . Although 
extra gaps 138 are shown in FIG. 14 between the piezoelectric element 51 and the support 
member 30, such gaps may not be needed or desired in other embodiments (e.g., if one of the 
piezoelectric element ends is adhered to the support member 30). As shown in FIG. 15, the 
piezoelectric element 51 may configured so that it may be energized to expand at least along the 
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first shaft 61, thereby pressing against the sides 86, 88 of the first bearing race 71 to brake the 
first bearing race 71. Note in FIG. 15 that the piezoelectric element 5 1 may not need to expand 
out to the support member 30 to press against the first bearing race 7 1 (for braking the first 
bearing race 71) because part of the first bearing race 7 1 may be sandwiched between two 
portions of the piezoelectric element 51. The electrical wires 98 for applying a voltage across 
the piezoelectric element 51 to cause it to expand along the first shaft 61 are shown in FIGs. 14 
and 15 for purposes of illustration. The actual placement of the electrical terminals 98 and the 
voltage application points may vary from that shown in FIGs. 14 and 15. 

[0042] FIGs. 16-18 show various views of a ninth embodiment of the present invention. 
FIG. 16 is a top view of the ninth embodiment. FIGs. 17 and 18 are side views for FIG. 16, as 
taken along lines 17-17 and 18-18, respectively, in FIG. 16. In the ninth embodiment, one 
piezoelectric element 51 is located on the first shaft 61 between the first bearing member 41 and 
the support member 30. The piezoelectric element 51 rests on a stop portion 63, which extends 
from the support member 30. The stop portion 63 has a generally rectangular cross-section 
shape in this example (see e.g., FIGs. 17 and 18). The stop portion 63 may be attached to the 
support member 30 as separate piece, or the stop portion 63 may be an integral part of the 
support member 30, for example. The stop portion 63 is positioned relative to the piezoelectric 
element 51 so that it limits the rotational movement of the piezoelectric element 51 about the 
first shaft 61. As shown in FIG. 16, the first shaft 61 may have a collar 126 to retain the position 
of the first bearing 41 along the first shaft 61 (i.e., between the collar 126 and the first shaft 
head 101). The piezoelectric element 51 may have a recess 140 to allow it to press against the 
first race 71 without or before it presses against the collar 126 (see FIGs. 16 and 18), for 
example. Also illustrated in FIG. 16, the first outer end 84 of the first bearing race 71 may have 
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a concave shape matching the contour of the wire diameter and the second outer end 94 of the 
second bearing race 72 may have a flat shape, for example. 

[0043] FIGs. 19 and 20 are top views for two variations of a tenth embodiment of the 
present invention. In the tenth embodiment, a spring member 150 is configured to bias the 
second bearing race 72 toward the first bearing race 71. The second race 72 may be biased 
toward the first race 71 in a variety of ways. For example, the second shaft 62 may be biased 
toward the first shaft 61, as shown in FIGs. 19 and 20 by a spring member 150. The spring 
member 150 may be any suitable type or configuration of spring or material for providing a 
spring bias force, including (but not limited to): a leaf spring, a coil spring, a spiral spring, a 
volute spring, a stretched elastic member, a compressed elastic member, and combinations 
thereof, for example. The variations shown in FIGs. 19 and 20 are simplified schematics 
illustrating just a few examples among many possible configurations. Also, the first bearing race 
71 may be biased toward the second bearing race 72 (i.e., the first bearing race 71 being 
configured to be moved toward the second bearing race 72. With benefit of this disclosure, one 
of ordinary skill in the art will likely realize many other possible configurations for a tenth 
embodiment of the present invention. 

[0044] One advantage of an embodiment of the present invention is that the wire 36 may be 
stopped using a wire braking apparatus 34 of an embodiment without damaging or while causing 
less damage to the wire as compared to a conventional bond head that clamps the wire between 
two flat plates, for example. Piezoelectric elements may provide very controllable braking of the 
wire in varying amounts, depending in part upon the amount of voltage applied to the 
piezoelectric element(s). As yet another variation to any of the embodiments, a surface of the 
piezoelectric element may be coated with or may have applied thereto a different material (e.g., 
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rubber, plastic, stone, metal, wood, etc.) to provide a friction surface for pressing against the 
bearing race. Such different material may or may not be easily replaceable (e.g., as a wearable 
part). Also or in alternative, a different material (e.g., rubber, plastic, stone, metal, wood, etc.) 
may be coated on or applied to a surface (e.g., side(s) and/or end portion) of the bearing race(s) 
to affect the friction rate between the bearing race(s) and the piezoelectric element(s), and/or 
between the bearing race(s) and the wire, for example. 

[0045] The material of the bearing race(s) may be varied to provide a desired coefficient of 
friction between the bearing race(s) and the piezoelectric element(s), and/or between the bearing 
race(s) and the wire. In yet another embodiment of the present invention (not shown), the first 
bearing race may be coupled to the second bearing race by physical contact (i.e., friction) and/or 
by gears, for example. In such case, the braking of the first bearing race may thereby brake the 
second bearing race directly (rather than via the wire). In still another embodiment of the present 
invention (not shown), three or more bearings may be contacting the wire in, at, and/or near the 
wire braking apparatus, and any number of such bearings may be braked using piezoelectric 
elements, for example. With the benefit of this disclosure, one of ordinary skill in the art may 
realize many other variations and combinations of the embodiments discussed above and/or other 
embodiments of the present invention. 

[0046] Although piezoelectric elements have been shown and described in the above 
illustrative embodiments, other types or configurations of bearing braking actuators may be 
incorporated into an embodiment of the present invention for braking and/or stopping a bearing's 
rotation. For example, a bearing braking actuator may include (but not limited to): an 
electromagnetic displacement actuator, a ferromagnetic element, an electromagnetic element, a 
solenoid, an air actuated cylinder, an air driven actuator, a liquid actuated cylinder, a liquid 
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driven actuator, an electrical driven actuator, a magnetic driven actuator, a spring driven 
actuator, or combinations thereof, for example. With the benefit of this disclosure, one of 
ordinary skill in the art will likely realize many possible variations and substitutions for the 
piezoelectric element(s) as a bearing braking actuator. 

[0047] Although embodiments of the present invention and at least some of its advantages 
have been described in detail, it should be understood that various changes, substitutions, and 
alterations can be made herein without departing from the spirit and scope of the invention as 
defined by the appended claims. Moreover, the scope of the present application is not intended 
to be limited to the particular embodiments of the process, machine, manufacture, composition of 
matter, means, methods, and steps described in the specification. As one of ordinary skill in the 
art will readily appreciate from the disclosure of the present invention, processes, machines, 
manufacture, compositions of matter, means, methods, or steps, presently existing or later to be 
developed, that perform substantially the same function or achieve substantially the same result 
as the corresponding embodiments described herein may be utilized according to the present 
invention. Accordingly, the appended claims are intended to include within their scope such 
processes, machines, manufacture, compositions of matter, means, methods, or steps. 
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